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In  contradistinction to  the  uniformly negative  results  obtained 
by those who have  studied the  influence of  the  spleen on metab- 
olism are  the observations  of Richet  (I),  which seem to indicate 
that in order to maintain the weight of a splenectomized dog a much 
larger  amount of  food is required than is  the case  with a  normal 
dog.  Richet's  studies  suggested to  us  a  possible  explanation  of 
certain  contradictory  and  confusing results  which  have  been  ob- 
tained in this laboratory during a lengthy study of the influence of 
diet upon the  anemia which follows removal of the  spleen.  Un- 
fortunately,  however,  Richet  investigated  only the  weight  of  the 
animals in relation to the amount of food given and did not attempt 
a general study of metabolism.  Moreover, a study of the literature 
of  this  subject  shows  that  although  a  very  complete metabolism 
study has  been made by  Paton  (2),  who decided that  the  spleen 
has no importance in metabolism, no one has made metabolic studies 
after  splenectomy in  animals  in  a  state  of  nitrogen  equilibrium. 
We  therefore  undertook the  present  investigation in  the hope of 
throwing some light upon the dietary studies to which we have re- 
ferred,  and  also,  if  possible, to  clear up the  apparent discrepancy 
between the results of Richet and of Paton. 
Previous  Investigations. 
Paton's  investigation included studies  of  the  nitrogen metabolism and  the 
elimination of salts in a  single dog before and after splenectomy,  Observations 
were made during fasting and on  (I)  meat,  (2)  oatmeal and milk, and  (3)  rich 
nuclein diets.  The  first  postsplenectomy metabolism study  was  made  26  days 
and the  last 4  months after  the  operation.  Paton's general conclusion is  that 
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under the various conditions of his experiments, splenectomy causes no essential 
difference in the course or nature of the metabolism. 
In  Richet's first investigation 9  splenectomized dogs  were  contrasted  with  6 
normal  dogs.  No  metabolism  studies  and  no  examinations  of  the  blood  were 
made.  Conclusions  were  based  on  records  of  food  taken  and  the  weight  of 
the  animals  at  various  intervals.  The  increased  consumption  of  food  by  the 
splenectomized animals is thought by Richet to be due to an increased catabolism 
in those animals and not to any disturbance of digestion.  In a  later report  (I) 
he refers to studies of 17 splenectomized dogs, of which  5 were under observa- 
tion  for about  2  years,  and  confirms the  conclusions of  his  earlier  report.  In 
this  connection  it is  a  matter  of  importance that  the  conclusions are based  on 
the averages of 2  groups  of  dogs  of  widely different weights.  Richer  has  not 
contrasted splenectomized dogs  of given  weight with  normal  dogs  of  the  same 
weight,  but  if  one  selects  from  his  tables dogs  of  the  same  weight  the  differ- 
ences infood consumption are found to be very slight.  Only 2 dogs were studied 
both before and after splenectomy. 
Mendel and Jackson  (3)  who investigated the relation of the spleen to purine 
metabolism found that in spleneetomized dogs and cats no changes occurred. 
VerzS.r  (4) has found that extirpation of the spleen in dogs has no appreciable 
effect upon the respiratory gas exchange.  A  similar conclusion was  reached by 
Korenchevski  (5)  as  regards  both  gaseous  and  nitrogenous  metabolism.  No 
other  experimental studies of the  influence of splenectomy are available except 
the brief note of Austin and Ringer  (6), to the effect that in the dog the absence 
of the  spleen  does not  in  any way modify the  course of the  glycosuria caused 
by phlorhizin. 
Metabolism  studies  in  man,  before  and  after  removal  of  the 
spleen, are  few in nmnber,  and, moreover,  are, in all instances,  diffi- 
cult  of  interpretation  because  of  the  existence  of  pathological con- 
ditions,  such  as  Banti's  disease,  pernicious  anemia,  or  congenital 
hemolytic jaundice,  on account  of  the  presence  of  which  the  organ 
was  removed.  As  the  present  study  has  for  its  object  the  deter- 
ruination of the influence of the removal of the normal  spleen from 
a  normal  animal,  the  literature  dealing  with  changes  following  its 
removal in disease  (7)  need not be considered at this time. 
Methods. 
The  four  dogs  used  in  this  study  were  placed  upon  a  constant 
diet  of  beef  (usually beef heart),  lard,  and  sugar,  the  amounts  of 
each  of  which  constituents  varied according to the  caloric needs  of 
each dog.  The standard  diet contained 0. 4  of a  gram  of nitrogen per 
kilo and  7 °  calories  per kilo  of  body  weight.  A  slnall  amount  of 
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bone ash was added to ensure well formed feces.  The water intake 
for each day was constant.  To some animals the beef heart was 
given raw ; in other instances it was boiled.  After one or two weeks 
on the special diet, if the weight ot the animal remained constant, 
a  preliminary metabolism study, covering a  period of seven days, 
was made.  If the results of this were satisfactory the animal was 
then  splenectomized and  the  metabolism studies  were  resumed at 
various intervals after the operation.  In each experiment the diet 
after operation was always the same as before and was continued 
without change in the intervals between periods of metabolism study. 
Analyses were made of all foods for fat and total nitrogen.  During 
the periods of study the animals were kept in the usual metabolism 
cages.  They were  catheterized at  the  end  of  every twenty-four 
hours and the feces marked by carmine. 
In the analysis  of the urine  the  total  nitrogen was  determined 
by the Kjeldahl-Gunning method, ammonia by Folin's method (8), 
creatine and creatinine by Folin's method (9), and the hydrogen ion 
concentration according to  Henderson's  technique  (IO).  In  the 
study of the feces the Kjeldahl-Gunning method was used for total 
nitrogen,  the  Folin-Wentworth  method  for  fat  (II),  and  Neu- 
mann's method (12)  for iron. 
The  removal  of  the  spleen,  an  essentially bloodless  operation, 
was  done  under  ether  anesthesia.  These  operations  were  per- 
formed by Dr. Max M. Peet, of the Department of Surgery. 
RESULTS. 
The details of our studies of nitrogen metabolism are shown in 
Tables I, If, Ill, and IV; of fat metabolism  in Table V; and of the 
elimination of iron in Table VI. 
Nitrogen Metabol{sm.--Table I shows the earliest  period  of meta- 
bolic study (three days) after splenectomy.  The animal shows no 
loss of  weight, no ill  effect  of the  operation, and the conditions 
were therefore ideal  for the detection  of any  slight  changes in metab- 
olism which might  be due to the absence of the spleen.  No varia- 
tions in nitrogen  partition were observed, however,  and the nitrogen 
equilibrium was maintained  : an average  daily balance before opera- 
tion of 0.45 of a gram  and after operation  of o.46 of a gram. 322  Studies of Metabolism in the Dog. 
TABLE  I. 
Dog  57.  Nitrogen  Metabolism  before  and  Three  Days after  Splenectomy. 
kilos  ,m. 
Feb.  28  lO.6  .80 
Mar.  I  lO.8  ..80 
"  2  lO.8  ,80 
"  3  ioo:~l  .,8o 
"  4  ..80 
:  lO9f8o 
11o.9  .80 
Average..  lO.8  14.80 
< 
CC  I0 
29  29 
17  34 
22  37 
22  38 
19  37 
20  40 
22  27 
 -VI 35 
.o 
Urine. 
gm.  ' gm.  gm.  gm.  gm. 
3.4510.13  0.289[0.478  0.73 
3.76  o-15 0.270!0.357  0.73 
3.44 i 0.I2  0.289[0.326  0-73 
3.571o-13io.2851o.32I  0.73 
3.65  / °'14 1°"289] °.335  0"73 
3.861o.141o.289!o.335  0.73 
4.02  o.12  1[!°'279i°'377  0.73 
I 
3.62  o.I31O.284]o.36I  o.73 
gm. 
4.18 
4.09 
4.17 
4.3 ° 
Acid  6.9o 
"  I 6.50 
6.9o 
"  6.9o 
6.9o 
6.9o 
6"9  ° 
I 6.84 
4.38 
4.59 
4.75 
z 
z 
gm. 
+0.62 
+o.71 
+0.63 
+0.50 
+0.42 
+o.21 
+0.05 
4.35  +0.45 
Mar.  7  Splenectomy. 
Average. 
I 
Acid  6.15  3.86  [ o.18 1o.311  o.31o  0.53  4-39 
"  6.5o  ,3.92  o.i 5  o.3II o.3IO  o.53 [ 4.45 
6.5o  3.96  o.I4  o.332 o.285  0.53  4.49 
6.50  [4.08  i o.13 [0.302 0.320  0.53  4.61 
6.I5  3.95  Io.15 1o.289 o.267  o.53  4.48 
I  I  !o.289 0.259  0.53  3.89  6153360  3 io311]o283]o5314o6  6.9o  :3.53  o.o8 
6.4I  :3.8I  0.I6 10.30610.29110.53  I 4"34 
/ 
io  lO.8  4.80  I I5°  45 
"  ix  lO.8  4.80 1 220  35 
"  12  10.9  4.80 [ 235  37 
"  13  10.9  4.80 /  180  4O 
"  14  10.9  4.80 [  135  45 
"  15  Io.9  4.80 [  I65  37 
"  16  II.0  4.80 /  2IO  42 
.......  / 
lO.9  4.80 ]  185  4O 
+o.41 
+0.35 
+0.31 
+O.I9 
+0.32 
+o.91 
+0.74 
+o.46 
* Diet :  raw  beef,  15o gm. ;  lard,  50  gm. ;  sugar,  50  gm. 
** Expressed  as  negative  logarithms. 
Table II shows practically the same results,  13 days and 8  weeks 
after splenectomy.  The animal was in nitrogen equilibrium before 
splenectomy and maintained that condition after splenectomy.  The 
general metabolism shows entirely normal results.  The utilization 
of nitrogen was in no way interfered with; it was 94 per cent before 
operation and 95 and 93 per cent in the postsplenectomy periods. 
In  Table  III,  which  presents  observations  z,  6,  and  IO  weeks 
after splenectomy, the results in the third and fourth periods  (sixth 
and  tenth weeks)  are  similar  to those  shown in  Tables  I  and  II. 
In the early period after splenectomy, however, this animal showed 
a  loss  of  appetite  which caused,  during  the  two  weeks  following 
operation, a  loss in weight of  1.4 kilos.  This  loss of appetite was 
not  due  to  infection  or  other  postoperative  disturbances,  but  ap- 
peared to be due rather to a  dislike of the lard in the diet.  When Samuel  Goldschmidt  and  Richard  M.  Pearce.  323 
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TABLE  II. 
Nitroyen  Metabolism  before  and  Two  and  Eight  Weeks  after 
Splenectomy. 
Date. 
Nov.  16 
17 
18 
19 
20 
2I 
"  22 
4¢. 
Y.  i 
=o 
gm  co. 
;.6  175 
;.6  250 
;.6  225 
;.6  21o 
;.6  200 
;.6  235 
;.6  265 
I  223 
Urine. 
.o=  =  ~**. 
.-~o 
gm 
Acid  6.70 i5.3 
"  6.9o  [ 5.4 
"  6.7o  14-9 
"  6.80 15-3 
"  6.9o ] 4.8, 
"  6.90 ] 4.9 
"  6.90  4.7 
6.83  5.o  Average..  ;.6  46 
Nov.  24  Splenectomy. 
Dec.  7  I3.2 
"  8  13.I 
9  13.1 
IO  13.1 
"  II  13.I 
"  12  13.1 
"  I3  13.1 
Average..  I3.I 
Jan.  i8  13.6 
"  19  13.6 
"  20  13.6 
"  2I  13. 5 
"  22  ii3.5 
23  i 13.4 
"  24  13.4 
Average.. ] 13. 5- 
.-~  ~ 
"~  .£ 
I 
gm.  ,m.  I gm- 
0.38 ;  .300 o.35~ 
o.37  o.338 o.195 
o.38  o.352 o.48o 
o.37  o.368 o.427 
o.34  o.361 o.467 
o.31  o.368 o.4o8 
0.27  0.385 0.597 
0.35  0.353 o.419 
Z 
gm.  gm. 
5.69  --0.09 
5.82  --0.22 
5.25  +o.35 
0.34  5.67  -0.07 
0.34  5.14  +o.46 
0.34  5.25  +0.35 
o.34  5.1i  +0.49 
0.34 1  5"~-42  +0. I8 
5.60  I9.  ~ 
5.60  28c 
5.60  29( 
5.60  26~ 
5.60  23.~ 
5.60  29.~ 
5.60  24.  ~ 
5.60  25~ 
5.70  275 
5.70  2IC 
5.70  3IC 
5.70  3oc 
5.7o 
5.7o 
5.7o 
5.7o 
I95 
280 
29o 
265 
235 
295 
245 
256 
275 
21o 
31o 
3o0 
250 
3o0 
300 
278 
55 
35 
33 
39 
38 
36 
35 
39 
30 
44 
20 
39 
35 
39 
39 
35 
Acid  7.14  5.I9  o.31 
"  6.00  5.36  0.34 
6-9  °  4.95  0.29 
6.80  4.65  0.29 
6.80  4.38  o.29 
6.80  4.4  °  0.27 
16.8o  452 ?2k 
6.75  4.78  0.29 
i iiii 4o 
"  4.32  o.24 
4.58  0.22 
4.92  o.21 
4-49  0.24 
5.12  0.23 
5.51  0.22 
I 6.80  4.77 
o.34oio.5751 0.30 
0.368 o.513  0.30 
o.352]o.63610.30 
o.368]o.513  o.3o 
o.3241o.52710.30 
0.329  0.558]  0.30 
0.38.5 0.672  0.30 
0.3.~2 i0.~70  0.30 
o.3551o.39t~  0.40 
o 340;0.382  0.40 
o.304[o.JI01  0.40 
0.35510.474  0.40 
0.3I IIO.X02  0.40 
o.337:o.40.~ 
0.320 0.40g 
I  I 
O.22  0.3420.406 
5.49 
5.66 
5.25 
4.96 
4.68 
4.70 
4.82 
+O.  II 
--o.o6 
+0.35 
+0.64 
+0.92 
+0.90 
+0.78 
5.o8  +o.51 
4.86 
4.72 
4-98 
5-32 
4.89 
0.40  5.52 
0.40  5.91 
+0.84 
+0.98 
+0.72 
+0.38 
+o.81 
+o.I8 
--0.21 
0.40  5.47  +0.53 
* Diet:  raw  beef  heart,  200  gm. ;  lard,  6o  gm. ;  sugar,  60  gm. 
** Expressed  as  negative  logarithms. 
the lard was  cut  out  of  the  diet the  animal ate  readily, and  later 
when the  lard  was  again  added  no trouble  was  experienced.  As 
may be seen in Table V, this was the only animal which showed a 
high  neutral  fat  content  in  the  feces,  though  what  relation  there 
may be between this and the dislike of fat is not evident.  The prac- 
tical result of this loss of weight after splenectomy was a moderate 
retention of nitrogen in the first postsplenectomy metabolism period. 324  Studies of Meta,bolism  in the Dog. 
TABLE  III. 
Dog 5e.  Nitrogen Metabolism before and Two,  Six,  and  Ten  Weeks after 
Splenectomy. 
,d 
Date  .-  ~  :  ~=  :  :,  Z  ";'  :  ~  ~  !  ..  ~  i 
kilos  gin.  cc,  IO  gin.  gm,  gin.  gm.  gin.  gin.  i  gin. 
Nov. 25  I xo.8 14.77 / x7o I  44  / Acid  6.50 14.I7  ]0. 3,  0.3681 None 0.38  4.58 ! +o.2e 
"  26  IO.8  4.77  z6o  44  "  6.50  4.23  0.2,  103780368  "  0:38  46~  +o.I6 
"  27  IO.8  4.77  225  33  "  6.50  4.49  o2-  -o.Io 
"  28  IO.8  4.77  I7o  /58  ]  "  6.50  4.55  0.22  0.3681  "  0.38  4.93  --0.I6 
"  29  ZO.8  4.77  I80  46  "  6.50  4.55  0.2'  0.368  "  10.38  4.931--0.~6 
"  30  / ZO.8 /4'77  I  2Z5  /  40  /  "  6.50  4.68  0.2  --o.29 
0.35i]  "  10.38  4.82  !  --0.05  Dec.  i  /io.814.77[  z6o  [  43  /  "  6.50  4.44  0.2.:  0.358  "  0.38  5.06 1 
/  "  / 
Average-z]IO.814.77[  I83  44  ]  6.5o[4.441o.2.'  0.365[  0.38  4.82!-o.o5 
Dec.  2  ]  Splenectomy. 
I5  9.4  I 4.70 
"  i6  9.4 I 4.70 
"  r7  9.5  4.70 
"  I8  9.5  4.70 
"  I9  9.6  m4.7o 
"  20  9.7  4.70 
"  2I  9.8  4.70 
"  22  9.8  i 4.70 
Average..  9.6  4.70 
Jan.  i2  IO.3  14.4o 
"  I3  IO.3  14"4° 
"  I4  Io.3/4"4° 
"  z5  xo.4  14"4° 
"  16  xo.4  14"4° 
"  I7  zo.4/4.4o 
"  z8  zo.4  ~1 4.40 
Average..  I  i o.35 ] 4.40 
Feb.  xo  'io.8  4.Io 
(~  II  IO.8  4. IO 
"  I2  I0.8  4.I0 
"  I3  ]ZO.8  4.I0 
"  I4  zo.9  4.IO 
Average..  1Io.8  14.to 
23  Acid 
39  " 
43  " 
35  " 
53  " 
20 
30  " 
25 
34 
28  Acid 
35 
35  " 
42  " 
39  " 
35  " 
29 
35 
197  28 
+z.5I 
+0.53 
+i.27 
+I.47 
+L78 
--[-  1.47 
+z.74 
-t- 1.38 
+I.39 
+0.59 
+0.54 
-t-o.32 
+o.47 
+o.38 
+0.54 
+o.35 
+0.45 
+o.7o 
+o.55 
+o.43 
+o.46 
"q-0.22 
+0.47 
*  Diet  :  boiled  beef  heart,  IOO gm.  ;  lard,  50 gm.  ;  sugar,  50  gm. 
** Expressed  as  negative  logarithms. 
However,  in  the  third  period,  when  the  animal  had  returned  to 
exactly  the  same  weight  as  before  operation,  nitrogen  equilibrium Samuel  Goldschmidt  and  Richard  M.  Pearce.  325 
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TABLE  IV. 
Nitrogen  Metabolism  before  and  Ten  Days  and  Three  Months  afte¢ 
Splenectomy. 
Date. 
Feb.  16 
"  17 
"  I8 
"  19 
"  20 
"  2I 
"  22 
Urine. 
.  , 
;~o  u  < 
gm. 
Acid  6.3o  o,13 
"  6.00  0,I7 
6.15  O,14 
"  6.30  0,17 
6.30  0.16 
6.30  O.I3 
6.15  0.14 
I~-61  43-!"  6.21  0.15 
i gin. 
2.63 
I 2.61 
2.39 
2.63 
i2.73 
i 2.61 
[2.60 
i 2.60  O.I 5 
._  '..~  ~  ~ 
o%:7;  :72i  :omI4 
o27ooo22'o35  296 
0.279 0.0221 0.35  I 2.74 
0.31910,057  0.35  2.98 
0.26110,II610.35  3.08 
0.265 0,o84  0.35 ]2.96 
0.25310.067 ] 0.35  12-95 
I 
0.267 0,0551 0.35  12.95 
Z 
gm. 
+0.45 
+0.47 
+0.66 
+0.45 
+0.35 
+0.47 
+0.48 
Average..  +0.48 
Feb.  23  Splenectomy. 
/ 
Mar.  5  8.0  I 3-37 
"  6  8.0  3.37 
"  7  8.0  3-37 
"  8  8.0  13.37 
"  9  7.9  ' 3.37 
"  IO  7.9  3.37 
"  II  7-9  fl 3.37 
May  20  7-9  i3-78 
"  2I  7.9  3.78 
"  22  7.9  3-78 
"  23  7.9  3.78 
"  24  ----  7.9  [ 3.78 
Average..[  7.9  3.78 
I65  47  Acid 
IIO  46  " 
I5O  ]  44 
210  4o 
I70  42  " 
130  49  " 
170  38  " 
152  44  .__ 
Acid  130 
145  " 
130 
26O 
115 
156 
6.I5  3.11  o.I3 
6.I5  3.00  o.14 
6'5°13.19  o.14 
6,15  13.3o  o.16 
6,I5'3.32  o.16 
5,85  13"18  o.16 
6.15  !3.o9  o.12 
614 !31_  L  oi4 
2.17  I 
2.07  ] 
2.24 / 
/ 2.56 1 
?.47  ! 
I 2.30  [ 
o.2311o.121  ) o.41 
o.213 o.143  o.41 
o.234jo.o8I  0.4I 
o,221 o.119  0.41 
o.2131o.144  0.41 
o.213 o.114  0.41 
Ol2I 3 o.129  0.41 
0.220  0.122  0.41 
.2  3  .o  4  0.3 
o.225/o.oio1 0.38 
o.2381o.o17/0.38 
o 21 17 o14 ! o.38 
0.22010.OI7  i 0.38 
3.52  --o.I5 
3.41  --0.04 
3.60  --0.04 
3.71  --0.34 
3.73  --0.36 
3.59 ] -0.22 
3.50  [ --o.13 
3.72  -o.18 
2.55  +I.23 
2.45  +1.33 
2.62  +1.16 
2.94  +o.84 
2.85  +0.93 
2.68  +i.io 
* Diet :  boiled  beef  heart,  75  gm. ;  lard,  40  gm. ;  sugar,  40 gin. 
** Expressed  as  negative  logarithms. 
was  again  maintained.  It  would  seem  conclusive,  therefore,  that 
the  loss  of  weight  and  nitrogen  retention  of  the  earlier  periods 
were due to an influence other than the absence of the spleen.  It is 
of interest that this  dog excreted no creatine. 
In the  experiments  thus  far  presented  there  is  no  evidence  that 
the absence of the spleen influences in any way nitrogen metabolism. 
In a  fourth animal, however, the results were discordant. 
This  animal  (Table  IV)  had  served  as  a  control  for  the  blood 326  Studies of Metabolism in the Dog. 
TABLE  V. 
Fat  Determinations  before  and  after  Splenectomy. 
Dog 
INo. 
48 
52 
36 
57 
Period.* 
I 
(7 days) 
NOV. 24 
II 
(7 idliYS) 
(7 days) 
I 
(7 days) 
De~.  I  2 
(8 di~YS) 
(7 days) 
IV 
(5 days) 
I 
(7 days) 
Feb~i 23 
(7 days) 
I 
(7 days) 
Ma;i  7 
(7 days) 
Total  Total 
intake--  out  put.~ 
gin.  /  gm. 
460.6  ]  26.54 
Splenectomy 
46o.6  20.92 
460.6  I5.77 
374.8  9.19 
Splenectomy 
428.32  12.64 
374.8  17.14 
267.7  7.85 
298.4  13.59 
Splenectomy 
298.4  14.25 
380.45  23.87 
Spleneetomy 
380.45  lO.56 
Total out- 
Fat  put of fatty 
utilized,  acids includ- 
ing soaps. 
per cent  gm. 
94.2  22.45 
95.5  18.11 
96.6  11.51 
97.5  6.29 
97.0  5.93 
95.4  8.44 
97.1  6.71 
95.4  9-27 
95.2  11.11 
93.7  19.42 
97.2  7.68 
Fatty acids  Total out- 
in total  I put ofneu- 
output,  tral  fats--  __ 
per cent  I  gm. 
84.4  /  4.09 
86.5  2.8i 
73.0  4.26 
68.4  2.90 
46-9  6.71 
49.2  8.70 
1.14  85.5 
68.3  4.32 
78.0  3.14 
81.4  5.04 
72.7  2.88 
] Neutral fat 
in total 
output. 
per cent 
15.6 
13.5 
27.0 
31.6 
53.I 
5o.8 
14.5 
31.7 
22 .o 
18.6 
27.3 
* These periods correspond exactly to those in Tables I, II, III, and IV. 
counts of the  three animals  discussed above, and up to the time  of 
our  foreperiod had been for twelve weeks on an adequate constant 
diet, as was the case in the other animals.  Like Dog 52 this animal 
received boiled meat as a part of the dietary.  The effect of splenec- 
tomy on the nitrogen metabolism, ten days after the operation,  was 
very slight, but a nitrogen equilibrium of +  0.47 of a gram per day 
was  changed  to  one  of--o.18  of  a  gram,  figures  not  beyond the 
range  of normal variations,  but which in the light  of changes  to be 
discussed later in the paper are suggestive of the influence of anemia. 
At a later period, three months after splenectomy, the animal had not 
regained the slight loss  (0.5  of a kilo)  in weight, but it appeared to Samuel  Goldschmidt  and  Richard  M.  Pearce.  327 
be in excellent condition and 'the anemia which had existed for several 
months was improving.  The plus balance of I.I grams of nitrogen 
per  day  (upon  a  slightly higher  nitrogen  intake)  in  this  period 
without change in weight suggests the possibility of the utilization 
of this nitrogen for the repair of the anemia.  Utilization of protein 
was  not  disturbed, being 9o  per cent in  Period I,  88  per  cent in 
Period II, and 9o per cent in Period III. 
Unlike the other three dogs, we had here in Period II an increase 
of creatine amounting to 45 per cent.  This increase was at the ex- 
pense of the creatinine, however, for the total creatinine, including 
preformed creatinine and creatine as creatinine, agrees very closely, 
amounting to o.314 of a gram in the foreperiod and o.325  of a gram 
in  the  afterperiod. 
During Period III, while the average creatinine output was ex- 
actly the  same  as  during  Period II,  the  creatine output  fell to  a 
figure lower than either of the preceding periods.  The variation 
in  the  partition  of  creatine and  creatinine in  this  animal we are 
unable to explain. 
Fat  Utilization.--The  utilization of fat (Table V)  in all the ani- 
mals was normal in all periods.  The partition of  fatty acids  (in- 
cluding soaps)  and neutral fats shows some variation, especially in 
Dog 52,  but to this  we are inclined to ascribe no importance.  A 
thorough search of the literature shows that no studies of fat utili- 
zation  in  animals  before  and  after  splenectomy have  previously 
been made. 
Iron Elimination.--The  elimination of iron in the  feces  (Table 
VI)  showed no important change after splenectomy in three of the 
four animals studied.  In the  fourth  (Dog  56)  there was  an  in- 
crease  of  1.6  rag.  per  day  during  the  period  immediately after 
splenectomy, amounting to  an  increase of 21.6  per  cent  over the 
foreperiod.  In the final period three months after splenectomy the 
output showed an increase of 148 per cent over the foreperiod and 
double that of Period II.  The intake of iron was not determined, 
but since the food intake was constant throughout all the periods we 
have reason to believe that this was a constant factor.  The periods 
of Table VI  correspond exactly to those in previous tables.  The 328  Studies  of Metabolism in  the Dog. 
figures for iron are based on the analyses of samples of feces repre- 
senting the total feces of the respective periods. 
TABLE VI. 
Iron Elimination before and after Splenectomy. 
Dog No. 
48 
52 
56 
57 
Before splenectomy._ 
Period I. 
17.6" 
I0.  5 
7.4 
lO.9 
Period II. 
I7.9 
lO.4 
9.0 
io.8 
After splenectomy. 
Period III. 
I6.8 
9.8 
18.4 
Period IV. 
9.9 
* The figures in  this table  represent rag.  of  iron per day  in  feces. 
These  studies  of  iron  metabolism  are  in  accord  with  those  of 
Austin and Pearce  (I3)  reported  from this laboratory a  year ago, 
but  are opposed  to those  of Asher and his  associates  (I4).  The 
latter claim that after splenectomy the output of iron in the dog is 
much  higher,  often  double  that  of  the  normal  dog.  Austin  and 
Pearce,  using  the  Ripper-Schwarzer method,  found  a  slightly in- 
creased  elimination  in  three  of  five dogs  within  two  weeks  after 
splenectomy, but no change in two others of this period or in three 
dogs  studied  i,  9,  and 2o  months after splenectomy.  The  results 
now presented, by Neumann's method, appear to  support  the con- 
clusion of Austin and Pearce that the spleen does not exert a  con- 
stant and important influence upon iron metabolism. 
DISCUSSION. 
These  observations  show  that  in  three  of  four  animals  the  re- 
moval  of the  spleen had  no effect upon  nitrogen  metabolism,  the 
utilization  of  fat,  or the elimination of  iron,  and  justify the con- 
clusion that the removal of the normal spleen in  a  normal animal 
has no important effect upon general metabolism.  It  is necessary, 
however, in order that there may be no question about this conclu- 
sion to explain the discordant results in the fourth animal (Dog 56). 
This  animal showed a  loss  of weight,  an  increased elimination of 
iron, and a disturbance of creatine metabolism.  The fat metabolism 
was unaltered.  The question arises whether these changes are due 
to the absence of the spleen,  or to  the anemia which was present. Samuel  Goldschmidt  and  Richard  M.  Pearce.  329 
In Table VII are presented the blood examinations of each dog at 
the  time of  the  several metabolism periods.  It  will be  seen that 
Dogs 48 and 57 showed no appreciable change in the blood picture 
after splenectomy, but that Dogs 52 and 56 did.  The blood changes 
in Dog 52 , however, were relatively slight.  The situation in regard 
TABLE  VII. 
Blood  Examinations.* 
Dog No.  Period.**  Hemoglobin.  Red cell count. 
48 
52 
56 
57 
I 
II 
III 
I 
II 
III 
IV 
Initial 
I 
II 
III 
I 
II 
per cent 
IOO 
Io4 
Ioo 
lO5 
lO6 
84 
90 
Io5 
83 
70 
72 
95 
90 
5,9oo,ooo 
5,570,000 
5,54o,ooo 
6,7o0,ooo 
6,840,ooo 
5,36o,ooo 
5,IOO,OOO 
6,45o,ooo 
6,020,000 
5,890,000 
4,950,000 
6,I3O,OOO 
6,I3o,ooo 
* These examinations were made by Dr. J.  H. Austin. 
** The periods  correspond exactly  to  those of  the  previous tables. 
to Dog 56 was somewhat different.  This animal had been placed 
on a constant diet, the chief article of which was boiled beef heart, 
twelve weeks before the first metabolism study.  At that time the 
blood  examination showed hemoglobin  lO  5  per cent and  red cells 
6,45o,ooo.  At the time of our presplenectomy period it showed a 
relatively low hemoglobin content (83 per cent) and 6,o2o,ooo red 
cells; and after splenectomy the hemoglobin continued to  fall,  and 
later  examinations,  not  corresponding  to  a  metabolism  period, 
showed the low level, two and a half months after splenectomy, of 
hemoglobin 6o per cent, and red cells 4,56o,ooo.  It is evident, there- 
fore, that  this  animal differed from the  other three in that  it de- 
veloped an  anemia more rapidly and  eventually of a  more severe 
grade than was the case in any other animal of this series.  As has 
been  shown  in  previous  publications  (I5)  from  this  laboratory, 330  Studies of Metabolism in the Doff. 
anemia of varying severity is a fairly constant result of splenectomy 
in the dog.  The anemia may be slight as in Dog 52 , or more severe 
as in Dog 56  , and may, as has been suggested, be prevented by diet. 
The influence of diet is one of the problems now under investigation 
in  this  laboratory,  but  is  not  a  matter  which  concerns  us  at  the 
present time.  The essential fact is that Dog 56 developed a severe 
anemia,  already  progressive  at  the  time  of  the  first  metabolism 
study, while Dogs 48 and 57 were not anemic, and Dog 52 showed 
only a slight non-progressive deterioration of the blood.  The ques- 
tion naturally arises: Are the increased elimination of iron and the 
disturbance of the creatine metabolism due to the anemia and not to 
an  influence  on  metabolism  consequent  upon  the  absence  of  the 
spleen ? 
A  few words  are  necessary concerning Richet's  statement  that 
the splenectomized dog requires more food to maintain its  weight 
than does the normal dog.  In view of our results, Richet's conclu- 
sion is  not tenable.  Dog 57  (Table  I)  maintained its presplenec- 
tomy weight without change in diet and with only a  slight change 
in the nitrogen balance.  Dog 48  (Table II)  likewise showed only 
a trifling change during the three weeks after operation and a return 
to  the  previous  weight  after  seven  to  eight weeks.  The  serious 
loss of weight in Dog 52 was due to loss of appetite, and that, rela- 
tively slight, in Dog 56 was complicated by the coexisting anemia. 
Moreover, during the past five years we have frequently noticed 
a tendency for splenectomized dogs to become obese, and this tend- 
ency  is  mentioned also  by  several  investigators  who had  studied 
splenectomized animals for long periods of time.  This tendency to 
put on weight is strikingly shown by two of the dogs  (48 and 52 ) 
of this series.  At the close of the metabolism work presented in 
Tables II and III these animals were kept for some time on account 
of the possible necessity of repeating the metabolism studies after 
longer periods had elapsed.  The change from a special diet to the 
ordinary kennel diet  (" table  scraps")  led to  a  rapid  increase  of 
weight in each instance; in three months the weight of Dog 48 in- 
creased from I3. 4 to  15.8 kilos, while in two months Dog 52  rose 
from lO.  9 to 12.  9 kilos. Samuel  Goldschmidt  and  Richard  M.  Pearce.  331 
Our results are therefore in  accord with those of  Paton rather 
than with those of Richet, and demonstrate that in the absence of 
anemia the removal of the spleen has no influence upon nitrogen or 
fat metabolism, and in all probability no influence upon iron elim- 
ination. 
SUMMARY. 
Four  dogs  have  been  subjected  to  metabolism  studies  before 
splenectomy and at  intervals of three days to three months  after 
splenectomy.  In  three  of  the  four  animals  the  removal  of  the 
spleen was not followed by any disturbances of nitrogen metabolism, 
fat utilization, or iron elimination.  Two of these animats showed 
no anemia, and the third only a slight reduction in hemoglobin and 
number of red cells. 
A  fourth animal, studied ten days and three months after splenec- 
tomy, developed eventually a definitely progressive anemia of mod- 
erate severity.  This animal showed a slight loss of weight, a slight 
disturbance  of  nitrogen balance,  and  of  creatine-creatinine parti- 
tion, with a marked increase in the elimination of iron. 
We conclude therefore that the spleen has no important influence 
on metabolism, and that the disturbances occurring in  one of our 
dogs were due to the coexisting anemia and not to the absence of 
the spleen. 
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